D^.--> .... ■ ^ 

(i2)*#ltt2S**i!it|lcScJ^T^Ba$*ifc@Sgtaiii ' ^ MAY ^005 



(i9)i&#ft]fl*iRff^s«iia 

(43) SBS^BSB 
2004 ^6 R 10 B (10.06.2004) 




PCT 



(10) @ES^BflS# 
WO 2004/049554 Al 



H02P 21/00 

PCT/JP2003/015166 
2003 ^11 £27 B (27.11.2003) 



(si) mwtmtKm 7 : 

(21) @fSUJEI##: 

(22) BfgffllSlB: 

(25) gBStBBiOmS: 

(26) Ufg^gfKDWlI: 

(30) gftlf^r — 

112002-345 135 

2002 *£11 £28 B (28.11.2002) JP 
*#BS2002-354632 2002 *P12 £6 B (06.12.2002) JP 
#1112003-376428 2003 fpl 1 £6 B (06.1 1.2003) JP 

(7i) amxa¥im^<±xa>^miz^^x): b**s 

X$*it£tt (NSK LTD.) [JP/JP]; T 141-8560 ffim«5 3 
JHE 1 T i 6 # 3 Tokyo (JP). 



(72) &BR%;&<illt 

(75) §S|lj#/iBIIA('ifcBICC>^T<D 1 * J >: $ 5 (TA 
CAOJMinh) [VN/JP]; t 371-8527 S*»» sirUm J^E 
BT 7 8#i6 B**gX*S^ai#9Gunma(JP). >Ijg<£ 
S] (ENDO^hiyl) [JP/JP]; =r371-8527 8M6ft H&fgrti S 
iEIBr 7 8 Sift B *ftH*3£#ttrt Gunma (JP). 

(74) ftSA: *t= (AGATAjYuzo); =f 107-0052 
mm 2TB 1 3#5§ Tokyo (JP). 

(81) ft^S (Sft): AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DB, DK, 
DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, KE, KG, KR KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NI, 

^ NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 



= (54) TiUe: MOTOR AND DRIVE CONTROL DEVICE THEREFOR 

3 (»)*9ia>*»: =E—$&.is*omw\mn&w. 



Iavref Ibvrof 



Tref 



3fg/2*g 



21 I 30 31 32-1 



■rv y'jr £. ping j^pvw i£ ~1T] 




IT) 
ON 



101 ...CONVERSION UNIT 
102...3-PHASE/2-PHASE CONVERTING UNIT 
103...q-AXIS COMMAND CURRENT CALCULATING UNIT 
104...2-PHASE/3-PHASE CONVERTING UNIT 
105...(J-AXIS COMMAND CURRENT CALCULATING UNIT 



106.. .CONVERSION UNIT 

20...VECTOR CONTROL PHASE COMMAND VALUE CALCULATING CIRCUIT 

21 ...PI CONTROL UNIT 

24... DIFFERENTIATING CIRCUIT 

30...PWM CONTROL UNIT 

31. ..INVERTER 



(57) Abstract: A motor and a drive control device used for a brushless DC motor which produces a small torque ripple, is small in 
size, and produces a small motor noise, even when a trapezoidal wave current is supplied, and a motor power steering device using 
them, wherein respective phase current command values are calculated based on a vector control, and a current feedback control uses 
a psuedo-vector control providing individual phase controls. 
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ti^mtP 102^T> ; 2^/3tB^m§P 104 lCA^£*K «^^5t^£oe 

ioi x qmm^mmnmn iosrx? dmm^mmmau 105 ka 

1 £>!Eli)fijiJ#pte.^T<z) <fc 5 KifffrtbSo 

^.^HM^jt^coe ^rm#tP 101 m^^P 101 M*&$3£;ft,T^ 

5*3S*fcS<5V>T#*B©afrje«jEE ea, eb, ec *S|f fcfcj $ ^ 5 o 

ffi ea, eb, ec f* n ^Mm®. <Dm&m& U < f± S {H *g S> t> , n 3fc 
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So ^IC, i^&mjEE ea, eb, ec ft d - q «jBE^ ffl SB t L T CO 3 *@ / 2 
t@^m§P102T% TIB (4) sS&tJ* (5) 5£fc:£^5^T, d tt&tf q fft 
J&#CDmjBE ed ^U? eq f£^g|£*LS 0 













ea 


ed 








IZ CI 


ab 


eq 










ec 







--"(4) 



C1 



2 
3 



-cos(0e) -cos(fle-2jr/3) -eos(0e+2;r/3) 
sin( 9 e) sin( 6 e-2n/3) sin( 6 e+2 tt/3) 



(5) 



10 



HkK. *3S59©SB>fcaK^ ^hffeS d tf| CO m^^^fit Idref O^tH 

d Ml*afE "frte" Idref tt, tftlHfU 106 — o>b % 

[UK 24 i>e»Ot*^iaj|fl>e, hA^-fc^-fl-j^k© hA'^flJ-frlt Tref 

sta^ t it d#m^-m^#m§i5 105 -eris (6) «otiii)^ 

So fcfcb, Kt ft h/i^#,^: % cob ft^e — ^ <d^< — 3££-c % — ^ 
^Jt^cob ft h^^m^rffi Tref &A# £ LT^fgli 106 T^&TV^, 



15 



Idref = - | Tref/Kt | • sin (acos ( co b/ co m) ) 



(6) 



_h|5 (6) it® acos(o)b/ci)m)©^|CiL, * — ^ CO ^ j^jg 

£ 9 {SiiBtcO^^ft, a)m< cob t^SOT* acos ( co b/ co m) = 0 t <9 , 
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ioT Idref = 0 t fc3 0 U^b, i^jgEI^^, o •£ 19 mm <o m 

tf^-Xftm&cob <t 0 iftitfcft;*, £ , m^m^ffi Idref <Dfeifi&flX ^ 

(6) 5*;K:*fe**LS J: 5 ic % idref 
te^e-* l oisjijfcji^te: J: o T^-fb-r 5 fc il5 iS ^ IU IS H# <D fifij flf £o 

dSfc^o — * OfBttlJEEVte:, — mmz. 

V = E + R • I + L (di/dt) ••• ( 7 ) 

10 

L^L, (6) ^T'^^ $n5*^m^fiS Idref ft^tt^^X'fe t) , 
J: IE (6) S:© L(di/dt)tBS-r5«SBtt^lS Idref W»|jB«JEfife^W:, 

20 a^^mjEE i:itt^s*f^ iot, itsst tz % m if ^a** §- 

< J5caa»jamjEEE«r,. «SttJg^4f[ Idref KJ:o-CBijg£;h,.5ttJEE-T?«C 

idref oasmiot*-^ %mmx% zn&ffcm&& < ft5 0 o£ 9 , 

Idref ©#J#Pfc: £ 5 H «> #8£f8!$P J: o T ^ — * (DftJ^mjGE 

25 «^fp*-r> mmx% z$§,m&&< * 9 , ^-^o^3iini^H#(ct 
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±mcommm^m idref <onm^m-r zm&^kn? u ^^^| 9 

^^mifu io5d izAtiisti^'-* (omfmrnmae itmm^nmu 105a 
j-a# $tts 0 mu^nm^m 105a w:^*-* ©«fcA3ta?a> e a>e>*& 

03 m (- <d e/P) ^^fctJLs acos J? fcB 105b Id A^J ~f~ <5 0 

X acos ^ffig(5 105b CA^J h/^^^WnU 105d fit h /V ^ & <fr j& Tref 
«T«SfcIqb(= Tref/Kt)fctftJ|CUr»6*maj 105eHlA*i-«. acos^ffl 
18 105c ttA^tbfe*tt^l5£S a>mXt5^< — o>b ^SlJl, 
$ =acos(a>b/com)&r^tt| LT sin^tti§|S 105c f£ A# -r'-5 0 sinU ft g& 
105c A^> ^ tLfcai^ $ j&» sin<I> 3: #> T - 1 f^i~5^^^ l05f 
f-A^7 U3t|?3g 105f it siaW-mn 105c tf>£><Z>it£<& 105e 
frtbcomttm I Iqb I t SrfUjlLT- liSLTljIM Idref 

TIB (8) ^U: ±o T«$ffi*g«frte Idref flSjfcfc feft, i tfS d *g 

Idref = — | Iqb | X sin (acos ( co b/ co m) ) •-• (8) 

±IB (8) *tef£oTj|^£jh,fc««fc»<frteldref tt, q Ail & -£> « % 
MmU 103RW2 1®/ 3^mm%!> 104 {CA^^^So 

— *\ q $&<Dmmm&m Iqref ft q tt if <fr m Sfe # ffi $P 103 l^*5V>T, 
2*@« J E ed&t^ eq % M^.fijM&a>e(= comXP), d $t& CO tt#fc Idref 
SrXfcTIB (9) 5££.tf (10) ^T^-t-^-^W^l^m^^S<5VNT# 

Tref X com = 3/2 (ed X Id + eq X I q ) ... (9) 
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t?fc5. fi£oT> Z<D (9) Id = Idref, Iq = Iqref £rft At -5 



^^5o « «ffiE it ^ffi Idref (8) 5£ "Clp ffl b «[ £ ft A f tt 

&^o 

(lO)-^T-^^tLS J: 5 fc, ««IE*g^M Iqref ^ — ^©ffl^tttt^ 
^Ifi Iqref Zm^icmn-tZ £ #T*£ 5.£fc.i&5?ft*t-fr Tref 

■«> o msfE^ifi idref t 7 * tiitmrntemmm^m. 

Iqref n t tf5T?# So t£oT, * — * <Z> ?g 5g HI |g B# t> * — 



WJhl&BJl Ufc «fc 5 ^^^PJc^m^m^M Idref ^.TJ? Iqref ©MflSSrEI 
^t5i> m 10 S (A) CO J: 5 Jfe -5 o #10 121 (B) tetfcJfcOii^fjjiJ 

m^m^-ffi Idref Iqref « Sf£ 3f ^- IE I? ffi ft £ LT<D 2+1/ 

20 3 fB^gltB 104 icA^? $tLs #ft©ft$ft*B-frte Iavref, Ibvref, Icvref 

^^L^fi, ffl?LtZmffi1%<frW. Iavref <£> "avref "fit % ^< * Wl' ill #P «fc 

(13)5S;fc*i- J: 5 ^-^00^1 0 e &d J; o t^J ^tl^tlt 
25 £>5o 



5 



Iqref = 2/3 (Tref X co m — ed X Idref)/eq 



••• (10) 



15 3 C 
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lavref 
Ibvref 
icvref 



~ C2 



Idref 



Iqref 



(12) 



C2 = 



-cos(fle) 
— cos(6e— 2 k /3) 
-c.os(6e+2^/'3) 



sin( Be) 
sin(0e-2w/3) 
5i.n(fte+2jT/3) 



'(13) 



ftzteizmmm^m iqref tmn v^m^x, m i m<o 2 *i/ 3 

g& 109 -^mStfEjg^ffi lavref, Ibvref, Icvref & £ tti U T ^ fc & % #35 
W^ttJiife Lfc«fc 5 tll^^I Idref XD? Iqref £ 1X2*1/ 

3*S&ife|ff 104 T-m^it^iiS lavref, Ibvref, Icvref £r#fcfcj LTV^§ 0 
ttt, ««E4ftffilfiIB5 32-1, 32-2, 32-3 * ttfc^e — ^©#*B« 

^ la, lb, Ic £ .Ht^Jf^jji lavref, Ibvref, Icvref t EI % 20-1, 

20-2, 20-3 x*mw.\->x%-* <DmmL*%m-tz> 0 ^-mmmcDrnmi 
& p i mmu 21 xmm ix^ * 31 o3t bp*, p wMumu 

30©fa-r^ ^^^i-mjEfS va, vb, vc Srjfffi L,-£0>«JEi)£ va, vb, 
vc fcm^^^X PWMM'MU 30 ^y^ — ^ 31 £ P WM$J$p-r <5 £ 
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mm\z z-z-yj- ?mm%mn-i- zm%iX\ b, c#ts*T^tfc 

ttl L < *tIEfi!iJ#p-e# ft < ft 5 FpI® 2>S o fc: 3* , ^L^Wx-te a *B<D# 

^©^ftW RW#/h$v^ — ^flJflpaspTfBicftSo r<Dfc#> N mt&^ 0 

t>KW#S/.b$ < , ^ A — X-cg»©4>ftv^N v K^tRft2#RTt&fc;fc5 0 

**5,±IB^1609-CW:+BmjEEea, eb, ec £ V*fcas % j|§l|HjmjB= eab, ebc, 
eca ft ^KUfe^UTftOWLTfcl^ICaiJ&^^bnSo 

So 

38 IB fci 57 — !> J: 5 t , h a- 

'hMX, Yfr? y yzTjvfrfris < N * — fc/h* < fts J: S Kiflflfp 
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mmm<D±mm&T tft^T^ztcibs ^.m^.mmm^< ^mumm®. 
t, h /i^ ^ y 5/ /i^ ^ j& ^ N ' ^ ^~ & nit ^ $s /js ^ ^ ~c x msj^°!7— ^ 
sijMij^p-rs p v'cmmzm^z z. tizzy % ^t^i/^dc*--^ 

/.h £ v ^ H; BJj 17 — t^^tt y >-?mW:%]fe&x% 6 Q 
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it # <o m m 

-?&5®£E ed ^trJ« eq!rI|iltSd-q MmWm&b. B&1B«JE ed& 
T>* eq ^fcq !4^T'&51If|^i Iqref SrUCffi^i q WJt^mSfEltL 

mnt. diiMtffcsiiSM idref sr»ffl-f-« dtt^^m^g#m 

15 &3£. BUlSli^m-^iit Iqref Idref 3> £ #*B ©*BS«fc!t<fr<(e«:£ ffi 

So 

3. mffS^ — 3 ffiOM, *B*ife*t^l6 Iavref, Ibvref, Icvref 
20 # llfl IB ^fcfcJt^ffi Idref, Iqref ^I^buIS^E- — # © IHfS^ ft 6 e 

25 MWiM^BWio 
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10 8 . ^ h^$!f^lSffl^T^tB$n^:m^m^fI Idref Iqref fc 

3 tfflBm^Jg^M Idref fufB^E- ^ (D h ;i/ ? 

« Tref, tfflB^-X^ilSa) b XtfllfrfBfllWfcS* co m KJ: D JfffiSft 
15 £ C £ SfltttSt-^ffiillllgi. 

9 . HfllBmMi^^M Idref te, MIB Wl^fg-flrM Tref RrX sin* ©W 

20 

io. tMHH*«E»^ffl iqref ^e-^ mti^m^izmmmmm^m 

Idref *«AbTiSm$ns»^^ 8X(4 9 fcffif&CD^E-^Kl&f&iJIIIS 

So 

25 11. ilH^-^^S^lOffi^ttS^^^^XDC^-^t^Sf 
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12. mm?? ^uxu c* — ?<Dmm$imxizmmmmmmmm&L 

13. i*^^8^m 12 tifrfcmMo* — pmwofflfflmn&m vn 

3, 4, •••) £ Lfc:^, ig*Ij&#<7> 5 %&>±<DHk%tii8i!&frri 2r , 
n X P/ 2 X co ^m«IJ^(£J&^^5&i&(DJiP.5#; 

16. *-*ttM<Dmm.m&7£msmmmmu±T*hzm$;m 14 icib 

17. nmmfe^mzmv, mmnmmmm^^h^m^mx^-^ 
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is. m&nffimw<Dj&&m$i&<o±mti[# iooohz x'&z>m$:m 14 k 
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